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MAGNETIC VIDEO PILOT SIGNAL
RECORDING/REPRODUCING SYSTEM

The present invention relates to a magnetic recor-
ding/reproducing system for a video tape recorder of
the helical scanning type or the like, and in particular to
a helical scanning type video tape recorder in which
pilot signals may be recorded onto a video recording
track in a multiplex manner or the pilot signals may be
reproduced therefrom.

In one of the current video tape recorders for domes-
tic use, the running speed of a cartridge tape is switched
over between two values, for example, a standard speed
and a half thereof, or changed over among three valves,
for example a standard speed, a half thereof and one
third thereof, so that the recording/reproducing time of
the cartridge tape, for example a two-hours cartridge
tape available on market, is switched between a stan-
dard mode (a standard tape speed) and a threefold time
mode (a low tape speed) the time of which is three times
as long as that of the standard mode. It is essential in this
case that a tape has to be reproduced in the reproducing
mode of the same tape speed as that of the recording
mode in which the tape has been recorded.

In such a video tape recorder, when a tape previously
recorded is reproduced, there may be a case where it is
not clear that the tape has been recorded in a standard
recording time mode or in a several times recording
time mode. Generally, therefore, the recording time
mode of a tape is automatically judged when the tape is
reproduced so as to make the tape speed in reproducing
agree with the tape speed in recording.

Conventionally, a control signal recorded on a con-
trol track different from a video track has been used for
the recording-time mode judgement. That is, in this
method, the recording-time mode is judged by using the
fact that there is a difference in interval of the control
pulse signals recorded onto a tape between in a standard
recording-time mode and in a several times recording-
time mode. |

There are various drawbacks in such a method in
which a tracking of recording track is made by using a
control signal. A first one of the drawbacks is that it is
required to provide a track and a head for the exclusive
use for recording/reproducing the control signal. The
second one 1s that it is necessary to exactly maintain the
position of a head for recording/reproducing the con-
trol signal in order to keep the interchangeability of the
recorded tape. The third one is that it is ineffective with
respect to a high frequency track displacement such as
a bend of recording track in the method utilizing a
control signal.

To overcome the above-mentioned various draw-
backs, a method has been proposed in which a pilot
signal for tracking is recorded onto a recording track in
place of the above-mentioned control signal and the
tracking of the recording track is made by using the
pilot signal.

In this method, however, no consideration has been
made about the recording-time mode judgement and
therefore such judgement can not be effected, while the
above-mentioned drawbacks may be obviated.

An object of the present invention is to provide a
magnetic recording/reproducing system in which auto-
matic judgement of the tape recording-time mode can
be made in any reproducing tape speed.

5

2

Another object of the present invention is to provide
a magnetic recording/reproducing system in which the
circult configuration is simple and suitable to be realized
as an Integrated circuit, resulting in reduction in cost.

To attain the above-mentioned objects, according to
the present invention, a pilot signal, for example a track-
ing pilot signal, 1s utilized for the judgement of the
recording-time mode. The pilot signal is recorded onto

~ a recording track in a multiplex manner together with
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an Information (video) signal. The arrangement of re-
cording of the pilot signals are changed in accordance
with the recording-time mode.

According to the present invention, the recording-
time mode can be automatically and surely judged in
any reproducing tape speed.

The foregoing and other features of the invention will
become apparent from the following detailed descrip-
tion of the invention when considered in conjunction
with the accompanying drawings in which:

FI1GS. 1A and 1B are schematic diagrams showing an
example of recording pattern according to the present
invention;

FIG. 2 1s a block diagram of a recording system ac-
cording to the present invention;

FIG. 3 1s a block diagram for explaining a pilot signal
generating method according to the present invention;

FIGS. 4, § and 6a-b are a tine chart, a block diagram
and a time chart, respectively, for explaining the gener-
ation of the pilot signal;

FI1G. 7 1s a block diagram of a recording/reproducing
system according to the present invention;

FIGS. 8-16 are block diagrams illustrating the rela-
tion between the pilot signal generating circuit and the
local oscillation circuit according to the present inven-
tion;

FIGS. 17 and 18 are block diagrams illustrating em-
bodiments of the phase synchronization circuit accord-
ing to the present invention; |

FIGS. 19 and 20 show waveforms for explaining the
recording-time mode judgement in the four-frequency
ptlot system according to the present invention;

FIG. 21 1s a block diagram illustrating an embodi-
ment of the recording-time mode judging circuit in the
four-frequency pilot system according to the present
Invention;

FIG. 22, consisting of (a@)-()), is a time chart illustrat-
ing waveforms for explaining the FIG. 21 embodiment;

FIG. 23 1s a block diagram of another embodiment of
the recording-time mode judging circuit;

FIG. 24 1s a time chart illustrating waveforms for
explaining the FIG. 23 embodiment;

FIGS. 25A and 25B are diagrams illustrating another
example of recording pattern according to the present
invention;

FIG. 26 1s a block diagram of the recording system
for the example of FIGS. 25A and 25B;

FI1G. 27, consisting of (a)—(e), is a time chart illustrat-
ing waveforms for explaining the FIG. 26 embodiment;

FIGS. 28 and 29 show waveforms for explaining the
principle of the recording-time judgement in the one-
frequency pilot system according to the present inven-
{10m;

FIG. 30 is a block diagram illustrating the recording-
time mode judging circuit based on the FIG. 29 princi-
ple;

FIG. 31 1s a time chart illustrating waveforms for
explaining the FIG. 30 embodiment; |
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FIGS. 32A and 32B show a further example of re-
cording pattern according to the present invention; and

FIG. 33 consisting of a-c shows waveforms for ex-
plaining the recording-time mode judgement of the
above examples.

Preferred embodiments of the present invention will
be described hereunder.

FIGS. 1A and 1B show an example of recording

pattern according to the present invention in which a
pilot signal is recorded on the recording tracks A and B
with four frequencies fi—f4 with an arrangement as

shown in each of FIGS. 1A and 1B, in a rotary 2-heads
helical scanning type video tape recorder. Such a re-
cording method is hereinafter referred to as “four-fre-
‘quency pilot recording system”. In particular, FIG. 1A
shows the recording pattern in a first recording time
mode or standard play mode (hereinafter abbreviated as
SP-mode) in which the pilot signal is recorded with the
respective frequencies f1, f2, f4 and {3 successively in this
order or rotation onto the recording track A together
with the video signal in a multiplex manner. Similarly to
this, FIG. 1B shows the recording pattern in a second
recording-time mode or long play mode (hereinatter
abbreviated as LP-mode) in which the pilot signal is
recorded with the respective frequencies fi, {3, f4and 13
successively in this order or rotation onto the recording
track B together with the video signal in a multiplex
manner. It is to be noted that the relation between the
respective recording arrangements of the four frequen-
cies of pilot signal in the first and second recording-time
modes is mirror symmetrical. the term “mirror symme-
tryv”’ means that, for example, the arrangement of fre-
quencies of the pilot signal when FIG. 1A is viewed in
a mirror has a reverse order (the order f3, fa, {3, f1, {3 - -
- ) which is the same as the arrangement of frequencies
of the pilot signal of FIG. 1B (the order fy, {3, fs, f2, fi -
- - ). By causing the respective arrangements of frequen-
cies of the pilot signals in the first and second recording-
time modes to be mirror symmetric with respect to each
other, it becomes possible to judge the recording-time
mode as will be described later. In a video tape recorder
for home use, the frequencies of the pilot signal are set
below the frequency band of the color signal which has
been subject to low-frequency conversion

In FIGS. 1A and 1B, T represents a magnetic tape,
A(A1, Az---)represents a first channel recording track
formed by a first rotary magnetic head (not shown) and
B(Bi, By - - - ) represents a second channel recording
track formed by a second rotary magnetic head (not
shown) which is arranged wih a rotary interval of 180"
with respect to the first rotary magnetic head.

A recording/reproducing system will be now de-
scribed. Explanation will be made first about a record-
ing system. FIG. 2 is a block diagram illustrating an
embodiment of the recording system according to the
present invention. In FIG. 2, a color video signal re-
ceived at a video signal input terminal 1 1s separated, as
known well, by a filter 110 into a luminance signal Y
and a chrominance signal C. The luminance signal Y is
subject to frequency modulation by a frequency modu-
lator (FM) 130 and then applied to an adder circuit 140
at the next stage. The chrominance signal C is mixed 1n
a frequency conversion circuit 160 with an oscillation
signal fcony produced by a local oscillator circuit 180
so as to be converted into a low-frequency signal C'.

The local oscillator circuit 180 oscillates to produce
frequency based on a horizontal synchronizing signal
received at a horizontal synchronizing pulse input ter-

10

15

20

2

30

35

45

50

35

60

65

4

minal 2. A pilot signal generating circuit 190 receives an
output signal from the local oscillator circuit 80 so as to
produce a pilot signal P, as will be described later. The
pilot signal P is added to the low-frequency converted
chrominance signal C' in another adder circuit 170. The
resulting signal in the adder 170 is applied to the adder
circuit 140 and added thereat to the FM luminance
signal from the FM circuit 130. Alternatively, the chro-
minance signal C' and the pilot signal P may be supplied
directly to the adder circuit 140 so as to be added
thereat to the FM luminance signal.

The resulting signal in the adder circuit 140 is sup-
plied to a recording head device through a recording
amplifier 150, etc. so as to be recorded onto a magnetic
tape in a well-known manner.

A pilot signal producing method will be now de-
scribed by referring to FIGS. 3 and 4. FIG. 3 is a block
diagram illustrating an embodiment of a 4-frequency
pilot signal generating circuit 190. In FIG. 3, frequency
dividers 191, 192, 193 and 194 divide the output signal
from the local oscillator circuit 180 with approprate
dividing ratio’s into portions of frequencies fi, 2, {3 and
f4 of a pilot signal P, respectively. A frequency selector
circuit 195 connected to the frequency dividers 191 to
194 receives a head change-over pulse as shown in FIG.
4(a ) so as to select, every field, the frequency portions
f1, f2, f3 and f4 in response to a recording-time mode
signal, which takes high(H) or low(L) level, produced
by a recording time changing-over device 200 so as to
arrange them as shown in FIG. 4(b) and FIG. 4(c) when
the recording time mode signal indicates the first re-
cording time mode (SP-mode) and the second record-
ing time mode (LP-mode) respectively. The only differ-
ence between the respective arrangements of FIG. 4(5)
and FIG. 4(c) is that the portions of frequency {3 and 13
of the pilot signal P are interchanged. Accordingly, 1t
will do to interchange for one another only the portions
of frequencies f; and f3 of the pilot signal P produced by
the respective dividers 192 and 193 and applied to the
frequency selector circuit 195, in response to the re-
cording-time mode signal. Thus, it becomes possible to
change-over the recording pattern by means of simple
means. An embodiment of such a changing-over means
will be briefly described here by referring to FIGS. 5
and 6.

In FIG. 5, the portions of frequencies f; and {3 of the
pilot signal P produced by the respective dividers 192
and 193 are supplied to the pair of analog gate circuits
1950 and 1953 and another pair of analog gate circuits
1951 and 1952, respectively. The recording-time mode
signal produced by the mode changing-over device 200
is in a digital form and takes, for example, its H-level 1n
the SP-mode and its L-level in the LP-mode, respec-
tively. The recording-time mode signal is applied to an
inverter 201 and reversed in polarity thereat. The re-

‘spective outputs of the recording-time mode changing-

over device 200 and the inverter 201 are applied as
gating signals to the pair of analog gate circuits 1950
and 1952 and the pair of analog gate circuits 1951 and
1953. Each of these gate circuits 1950 and 1953 1s en-
abled to pass the received signal as it is when the gating
signal is in its H-level and disabled from passing the
signal when the gating signal is in its L-level. The out-
puts of the analog gate circuits 1950 and 1951 are added
each other in an adder circuit 1954. The outputs of the
analog gate circuits 1952 and 1953 are added to each
other in another adder 1955. Accordingly, the output
frequency of the adder circuit 1954 1s 15 1n the SP-mode
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and f3 in the LP-mode. The output frequency of the
adder circuit 1955 is f3 in the SP-mode and f; in the
LP-mode. The outputs of the divider 191, the adder
circuits 1954, 1955 and the divider 194 are supplied to
analog gate circuits 1956, 1957, 1958 and 1960, respec-
tively. The head changing-over signal is applied to a
gate pulse generating circuit 195 so that four kinds of
gating signals a, b, ¢ and d are produced therefrom.
FIG. 6 is a time chart showing the four kinds of gating
pulses a, b, ¢ and d with respect to the head changing-
over pulse. These gating pulses are different in phase
one from another and each of them takes H-level only
one of four field periods. These gating signals a, b, ¢ and
d are respectively led to the analog gate circuits 1956,
1957, 1958 and 1959 each of which produces a pilot
signal only when the gating signal applied thereto is in
its H-level. The outputs of the analog gate circuits 1956,
1957, 1958 and 1959 are supplied to a further adder
circuit 1950°. The output of the adder circuit 1950’ is the
recording pilot signal which is produced in the se-
quence as shown in FIG. 4(b) and FIG. 4(c).

Next, the pilot signal generating circuit 190 and the
local oscillation circuit 180 in the recording system are
explained. FIG. 7 is a block diagram showing an em-
bodiment of these circuits 180 and 190. Although com-
ponents of the reproducing system are also shown in
FIG. 7, they will be explained later in detail and those of
the recording system will be mainly described here.

In FIG. 7, the reference numeral 1’ denotes an input
terminal for receiving a recording chrominance signal
of frequency fsc, 1" denotes an input terminal for re-
ceiving a reproducing chrominance signal of frequency
frsc, 11 denotes a switching circuit which is switched in
the position as shown in the drawing during the record-
ing operation, 180 denotes a local oscillation circuit for
producing a carrier signal of frequency fcony, and 160
denotes a frequency conversion circuit for providing a
signal of frequency (fconv+fsc) and a signal of fre-
quency (fconv—Ifsc) during the recording operation
and a signal of frequency (fcony—frsc) and a signal of
frequency (fconv+frsc) during the reproducing opera-
tion. The frequency conversion circuit 160 is consti-
tuted by a frequency converter 161 and a low-pass filter
(hereinafter abbreviated as LPF) 162 for deriving the
above-mentioned low-frequency converted chromi-
nance signal of frequency (fconyy—{fsc). The reference
numeral 170 denotes an adder circuit for adding the
low-frequency converted chrominance signal and a
pilot signal described later to each other, and 186 de-
notes a phase locked loop circuit (hereinafter abbrevi-
ated as PLL circuit) for producing a carrier signal fyco
of frequency Nfy (where N is an integer and fy is a
horizontal scanning frequency). The PLL circuit 186 is
constituted by a voltage control oscillator 1861 (herein-
after abbreviated as VCO) with an oscillation frequency
Nfu, a first and a second frequency divider circuits 1863
and 1864, and a phase detector 1862. The reference
numeral 2 denotes an input terminal for receiving a
horizontal synchronizing pulse, 185 denotes a } fre-
quency divider circuit, 184 denotes a phase shifter cir-
cuit, 183 denotes a crystal (Xtal) oscillator which oscil-
lates with the same frequency fig3 as that of a chromi-
nance subcarrier of the chrominance signal fsc, 182
denotes a frequency converter in which the frequency
fig3 from the Xtal oscillator 183 is mixed with the fre-
quency fig4 from the phase shifter circuit 184 so as to
produce a signal of frequency (f1g3+f134) and a signal of
frequency (fig3—fig4), the frequency fig4, being the
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same as the frequency f1gs5 and therefore the same as the
frequency of the low-frequency converted chromi-
nance subcarrier, and 181 denotes a band-pass filter
(hereinafter abbreviated as BPF) allowing the signal of
frequency fcony="~183+f184 to pass therethrough. The
local oscillation circuit 180 is constituted by the BPF
181, the frequency converter 182, the Xtal oscillator
183, the phase shifter 184, the divider 185 and the PLL
circuit 186. The phase shifter circuit 184 is so as to
satisfy both the conditions for the low-frequency con-
verted chrominance signal frequency (therefore the
output frequency of LPF) f;sc that ““it has an offset of
an odd multiple of ify for every line (one horizontal
period)” and that “it has an offset of an odd multiple of
sfy between fields” in the case of NTSC system, and
both the conditions for the same that “it has an offset of
an odd multiple of §fy for every line (one horizontal
period)” and that “it has an offset of an odd multiple of
ifr between fields” in the case of CCIR system.

The reference numerals 191 to 194 denote frequency
dividing circuits commonly connected to the output of
the VCO 1861 of the local oscillation circuit 180 so asto
divide the output frequency fyco of the VCO 1861 to
respectively produce the frequencies f1, f3, f3 and f4 of
the pilot signal. The reference numeral 195 denotes a
frequency selector circuit connected to the dividing
circuits 191 to 194 for selecting the respective divided
frequencies (of the pilot signal) respective produced by
the dividing circuits 191 to 194. The divider circuits 191
to 194 and the frequency selector circuit 195 constitute
a pilot signal generating circuit 190. The frequency
selector circuit 195 selects the output frequencies f to
f4 of the dividing circuits 191 to 194 in a predetermined
order sequentially for every field, for example as shown
in FIG. 1A, the frequency fi in the first field, the fre-
quency f> in the second field, the frequency f4 in the
third field and the frequency f3 in the fourth field, in
accordance with the head changing-over pulse signal
received at an input terminal 3. It is preferable to select
the frequencies f] to f4 selected by the selector circuit
190 to be lower than the frequency band of the low-fre-
quency converted chrominance signal, for example
f1=6.5 g, 12=7.5 f, 3=9.5 fz and f4=10.5 fy.

Further, the recording pilot signal 1s to be set so as to
satisfy the following conditions:

Each of the four frequencies fi-f4 of the pilot signal

(1) has an offset of 0.2 fz-0.7 fy, and

(2) has the relation of

fi —fy=fy —fg=mfy

f‘i —— f}zfz - f4=an

where m=£n;
In the case of NTSC system, the low-frequency con-
verted signal (the LPF 162 output frequency fi162={r.5¢)
(3) has an offset of an odd multiple of ify for every
line, and |
(4) has an offset of an odd multiple of ify between
fields; and
In the case of CCIR system, the low-frequency con-
verted signal (the LPF 162 output frequency f162=fr5¢)
(5) has an offset of an odd multiple of ify for every
line, and |
(6) has an offset of an odd multiple of ify between
fields. |
In the embodiment of the present invention shown in
FIG. 7, in order to satisfy the above-mentioned condi-
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tion’s (4) and (6), a one-track phase invert (PI) system
wherein the recording low frequency converted signal
is phase-inverted every line (one horizontal period) only
in one side field or a both track phase-shifting system
wherein each field is phase-shifted by 90° every line
(one horizontal period) and the direction of phase-shift-
ing is inverted every field, is utilized so that the low-fre-
quency converted signal has an offset of 3fy between

fields in the case of NTSC system, while a one-track PS

system wherein the recording low-frequency converted
chrominance signal is phase-shifted by 90° every line

only in one side field is utilized so that the low-ire-
quency converted signal has an offset of 3fy between
fields in the case of CCIR system.

Further, the fact that the other conditions (1), (2), (3)
and (5) are also satisfied in the FIG. 7 embodiment will
be explained.

The case of NTSC system will be first described.
Assume now that the oscillation frequency fyco of the
VCO 1861 in the PLL circuit 186 is selected to be equal
to 378 fy and the dividing ratio of the second divider
circuit 1864 is 1/126, the REF signal (horizontal syn-
chronizing pulse) of frequency fg received at the input
terminal 2 and the divided frequency fgfrom the second
divider circuit 1864 are phase-compared to each other
in the phase detector 1862, and the VCO 1861 1s always
phase synchronized with the REF signal. The dividing
ratio of the first frequency dividing circuit 1863 is 3.
Accordingly, the output frequency of the g dividing
circuit 185 is (47 + 3)fy which is obtained by 5 dividing
the output frequency fyco of the VCO 1861. The signal
of frequency (47 4+ 3)fyis phase-inverted every line only
in one side field and led to the converter 182, so that the
recording low-frequency converted chrominance signal
appearing at the output of LPF 162 has a frequency
figa={474-Hfy and becomes a signal of one-track PI
system. In this case, the low-frequency converted chro-
minance signal has an offset of § fx and satisfies the
above-mentioned condition (3).

With respect to the pilot signal, assuming that the
dividing ratios 1/1i, 1/13, 1/13 and 1/14 of the divider
circuits 191-194 constituting the pilot signal generating
circuit 190 are 1/36, 1/40, 1/50 and 1/58 respectively,
the four pilot frequencies will be as follows:

h = 36 fi = 10.50fy
1 = 40 fy = 9.45fy
13 = 50 fy3 = 7.56fy
l4 = 58 fg ~ 6.52fy

fi —fh=f3 — 4 ={H
fi — f3 = f3 — fqg = 3fy

In this manner, the above-mentioned conditions (1) and
(2) are satisfied.

Next, description will be made with respect to the
case of CCIR system. In the CCIR system, the oscilla-
tion frequency fyco of the VCO 1861 1s selected to be
lower by 3fy than that in NTSC system, namely
fyco=375fy, and the dividing ratio of the second di-
vider circuit 1864 is selected to be 1/125. In this case,
the output frequency figs of the § dividing circuit 185
becomes (47 — })fy. By phase-shifting the thus obtained
signal of frequency (47—3)fg by +90° or —90° every
line, only in one side field, the recording low-frequency
converted signal has a frequency f162=(47—3§)fx and
becomes a signal of one-track 90° PS system.

Accordingly, assuming now that the phase-shifting
direction is 4 90°, the low-frequency converted chromi-
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nance signal in a field which has not been phase-shifted
has a — if g offset, while that in a field which has phase-
shifted has a + ify offset, with a result that the above-
mentioned condition (5) is satisfied. Alternatively, if the
phase shifting direction is —90°, the low-frequency
converted chrominance signal on the side of a field
which has not been phase-shifted has a — zfgy offset,
while that on the side of a field which has been phase-

shifted has a — 2fy, with a result that the above-men-

tioned condition (5) is satisfied also in this case.
In case of CCIR system, with the same frequency

dividing circuits 191-194 as those used in the previous
case of NTSC system, the four pilot frequencies of the
pilot signal are as follows:

I = 36 f1 = 10.42fH
l» = 40 fr =~ 9.38fy
I3 = 30 f3 =~ 7.50fy
14 = 58 fa — 6.47fy

fl —fh =3 - {4 = fy
f1 — f1 = fHh — {4 = 3y

Thus, the above-mentioned pilot signal conditions (1)
and (2) are satisfied.

Further, in the case of CCIR system, the oscillation
frequency of the VCO 1861 may be selected to be 381
fry which is different by +3 fy from that in the case of
NTSC system and the frequency dividing ratio of the
second frequency dividing circuit 1864 may be set to be
1/127. In this case, the frequency fi¢; of the recording
low-frequency chrominance signal is (47 + 3)fy, and has
a — fz offset on the side of field which has not been
phase-shifted, while has a + §fy (or —3fg) offset on the
side of field which has been phase-shifted by +90° and
a + 3fy offset if the phase-shifting is —90°. Thus, the
above-mentioned condition (5) is satisfied also in this
case.

The four pilot frequencies of the pilot signal are as
follows in this case:

f1 = 36 fi = 10.538fy
fy = 40 fs =~ 9.53fH
f3 = 50 f3 =~ 7.62fy
fg = 58 fa =~ 6.57fy

fil-fh=fi—f4 =ty
fl — f3 =~ fh — {4 = 3y

Thus, the conditions (1) and (2) of the pilot signal are

satisfied also in this case.

Since the pilot signal generating source has been
obtained in the local oscillation circuit 180 (in chromi-
nance signal circuit) in the above-mentioned embodi-
ment according to the present invention, it 1S not neces-
sary to provide a pilot signal generating source (for
example, a crystal oscillator) for exclusive use, resulting
in reduction of cost. Although the pilot signal generat-
ing source is obtained in the local oscillation circuit 180
in the previous embodiment, it may be obtained another
circuit in the chrominance signal circuit.

Further, if the circuit is configured 1n the following
manner, the circuit design of the local oscillation circuit
180 and the pilot signal generating circuit 190 becomes
easy in the view point of common use of these circuits
for the NTSC and CCIR circuits, resulting in easiness in
designing the whole of the chrominance signal circuit.
That is, in the CCIR system, since the frequency of
chrominance subcarrier of the low-frequency con-
verted chrominance signal (output of the LPF 162) to
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be recorded onto a magnetic tape is required to have a

sfy offset as discussed above, the output frequency
fycoof the VCO 1861 in FIG. 7 is 8 times as large as the
above-mentioned chrominance subcarrier frequency

10

In the practical use, however, it will do to satisfy the
following conditions:

and becomes to be an odd multiple of fg. In order to 5 6 1/5tg<f1<6 4/5¢H,
effectively configure the divider circuits 1863 and 1864 o
in FIG. 7, therefore, it will do to select the output fre- Tt < <7 475,
quency fyco of the VCO 1861 such that the frequency 9 1/5E,<f3<9 4/5F, and
fvco is exactly dividable by 3 which is the smallest ’
element of the odd numbers. Namely, it will to select 10 10 1/5Fg< f4< 10 4/5%.
the output frequency of the VCO 1861 to be 3Nfy (N
being integer) and the above-mentioned chrominance () |fi—f2| =|f3—14]
: 3
subcarrier frequency to be sNfg. To cause the value of [fi—f;| to be equal to that of
Table 1 shows various examples of values of the low- |f;_f,| enables the band width of the BPFs 303 and 304
frequency converted chrominance subcarrier (§Nfa), 15 shown in FIG. 7 to be made narrow, with a result of
the leld_lﬂg ratios (11-l4) for the PllOt signal, pilot signal improvement of S/N ratio of the tracking error signal.
trequencies (f1-fa), and the relation (f2~f1) — (fa-f3). Ideally, it 1s preferable to satisfy the following inequal-
TABLE 1
frequency dividing
ratios for pilot L ___piot signal frequencies
signal 3N __ 3N 3N 3N (fo — f1) —
System 3N P Nfy lg I3 l» Iy fi = l4 tH 2 = I3 ta f3 = I (e fg = § 2 (fg — f3)
{ 327 (41 — 3 fyg 51 43 35 31 6412 fy 7.605 fy 9343 ty 10.548 g 0.0i2 Iy
2 330 (41 + %) fy 52 44 35 31 6.346 fy 71.500 fz 0.429 fy 10.645 f¢y 0.062 fyy
3 333 (42 — Hfg 50 44 35 32 6.660 {F 71.568 fy 9.514 fy 10.406 fg 0.016 fy
4 336 42 fy 51 45 35 32 6.588 fx 1467 fy 9.600 fy 10.500 fy 0.021 fy
5 339 (42 4 3 fy 533 45 36 32 6.396 fg 7.533 fy 9.417 ty 10.594 {py 0.040 {7
6 342 (43 — D fy 52 46 36 33 6.577 fy 7.435 fy 9.500 g 10.364 {y 0.006 fg
7 345 (43 4+ B fy 52 46 36 33 6.635 fy 7.500 g 9.583 f 10.455 fy 0.007 £z
8 351 (44 — Hfy 56 48 38 34 6.268 {g 7.313 fy 9.237 fy 10.324 fy 0.042 ty
9 354 (44 + 1) fy 56 48 38 34 6.221 fy 7.375 ty 9.316 fy 10.412 fy 0.042 fy
10 357 (45 — D fy 56 48 38 34 6.375 fiy 7.438 fy 9.395 fy 10.500 £y 0.042 fy
11 360 451y 33 47 38 34 6.575 fy 1.660 fy 9474 fy 10.588 fy 0.001 fgy
12 363 (45 + §) fy 56 48 38 33 0.482 fy 1.563 fy 9.553 fy 10.371 fxH 0.264 fx
13 366 (46 — 3) fy 56 48 38 35 6.536 fy - 7.625 fy 9.632 fy 10.457 fg 0.264 fy
57 49 39 35 6.421 fy 7.469 iy 9.385 fy 10.457 fy 0.024 fg
14 369 (46 + 1 fy 57 49 39 35 6.474 fyy 7.531 9.462 £z 10.543 fiy 0.024 fy
15 375 (47 — Hfy 58 50 40 36 6.466 fry 7.500 fy 9.375 fyy 10.417 fy 0.008 fz
16 378 (47 + Hfy 58 50 40 36 6.517 fy 7.560 fgr 9.450 fyy 10.500 fgr 0.007 g
17 381 (48 — ) fy 58 50 40 36 6.569 fgy 7.620 fy 9.525 fyy 10.583 fg 0.007 fgy
18 384 48 fy 60 52 41 37 6.400 fy 7.385 fgy 9.366 fy 10.378 fy 0.027 fy
19 387 (48 + 3) fy 59 Sl 41 37 6.559 fy 7.588 fy 9.439 gy 10.459 fy 0.009 fy
20 390 (49 — {) fy 59 51 41 37 6.610 fy 1.647 fy 9512 fy 10.541 {gy 0.008 fxy
21 393 (49 + Hfy 61 53 42 38 6.443 fy 7.415 fy 9.357 fy 10.342 fy 0.013 fy
All the values of the low-frequency converted chromi- .
nance subcarrier can be realized in view of facilitation 4
of the design of chrominance circuit. However, the 45 F1—f2| — [F3—Fa] | <0.01 F.

pilot signals generated according to the Table 1 can not
always be in effective in the practical use. The ideal
conditions for the pilot frequencies are as follows:

(1) 3fy offset

The pilot frequency is required to have a 3fgoffset. In
the case where, for example, the system under consider-
ation is placed in the neighborhood of a television re-
cerver, flyback pulses may penetrate into the system so
as to disturb the tracking control of the system, and
therefore the 3fy offset is required to avoid such distur-
bance. That is, since such a flyback pulse has a fre-
quency spectrum which 1s an integer multiple of fg, it is
necessary to arrange the pilot frequencies to facilitate
the discrimination of them from the flyback pulses.
Accordingly, it 1s ideally preferable to satisfy the fol-
lowing conditions:

03fr<f1 <65y,
T3ty <t <75y,
Osf <y << 94f4, and

104 f < f4 < 108 .
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In practical use, however, the following relation will be
allowed:

[ 1f1—f2] — | f3—f4] | <0.02f

(3) 1t i1s preferable to arrange the pilot signal benerat-
ing circuit to be easily commonly used for the NTSC
system as well as the CCIR system. In particular, it
means that the frequency-dividing ratios 1y, 1o, I3 and I4
are same between the NTSC system and the CCIR
system.

(4) It 1s preferable to select to be even all the frequen-
cy-dividing ratios 1y, [, 13 and 14 of the pilot signal gener-
ating circuit. This makes it possible not only to simplify
the frequency-dividing circuit (counter circuit) but to
reduce higher harmonic distorsions in the pilot signal.
- (5) It is preferable to arrange the frequency value
|f1—1f>| to be approximate between the NTSC system
and the CCIR system. If this condition is satisfied, there
IS a meritorious effect that the same BPFs 303, 304 are
may be used in the NTSC system as well as in the CCIR.
system. In the NTSC system fg=15.734 KHz, while in
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the CCIR system fg=15.625 KHz, and therefore it is
preferable to the numeral value Ny in the chrominance
subcarrier frequency 5Nify in the CCIR system to be
larger than that in the NTSC system in order to satisty
the condition (5). In the Table 1, the combination of the
systems 16 and 17 may satisfy all the conditions (1) to
(5) when they are used in the NTSC and CCIR systems
respectively, and the combination of the systems 15 and
16 may satisfy the conditions (1) to (4) when they are
used in the CCIR and NTSC systems respectively. The
combination of the systems 13 and 14 may satisty the
conditions (2), (3) and (5) when they are used in the
NTSC and CCIR systems respectively, the combination
of the systems 9 and 10 may satisfy the conditions (2) to
(5) when they are used in the NTSC and CCIR systems,
and the combination of the systems 8 and 9 may satisty
the conditions (2) to (4) when they are used in the CCIR
and NTSC systems respectively, while there is some-
what of a problem with respect to the condition (1) 1n
each of these three conditions.

The condition (5) merely relates to a compatible ap-
paratus for the NTSC and CCIR systems, and therefore
it is not so important when compared with the other
conditions (1) to (4).

Thus, the most superior ones of all the combinations
of systems in the Table 1 are the combination of the
systems 16 (NTSC) and 17 (CCIR) and the combination
of the systems 15 (CCIR) and 16 (NTSC).

In FIGS. 8 and 9, there are shown embodiments of
application of the PLL-circuit 186 and the pilot signal
generating circuit 190 in the embodiment of FIG. 7. In
FIG. 8, the reference numerals 191-194, 196 and 197 are
frequency-dividing circuits for generating a pilot signal.
A frequency-dividing circuit 1864 has its dividing ratio
which is selected to be 1/126 in the NTSC system and
1/125 or 1/127 in the CCIR system. In the pilot signal
generating circuit 190, the frequency-dividing circuits
191-194, 196 and 197 have their dividing ratios which
are selected to be 1/18, 3, 1/5, 1/29, 3 and 1/35 respec-
tively. Selecting the respective frequency-dividing ra-
- tios as above, it becomes possible to commonly use the

- pilot signal generating circuit in each of the NTSC and
CCIR systems.

In the embodiment shown in FIG. 9, the highspeed
frequency-dividing circuit 196 of FIG. 8 is eliminated.
In FIG. 9, the two frequency-dividing circuits 1851 and
1852 may be obtained by dividing the § frequency-
dividing circuit 185 into a } frequency-dividing circuit
and a 3 frequency-dividing circuit. Further, the pilot
signal generating highspeed frequency-dividing circuit
196 in FIG. 8 is omitted and a highspeed 3 frequency-
dividing circuit 1851 which constitutes a g frequency-
dividing circuit together with a 3 frequency-dividing
circuit 1852 is commonly used also for the pilot signal
generating circuit 190.

Next, referring to FIG. 8 an embodiment according
to the present invention will be now described as to the
case where the oscillating frequency of a VCO 1861 1s
changed.

In the NTSC system, assuming that oscillating fre-
quency of the VCO 1861 is selected to be fyco=366fx
and the frequency-dividing ratio of a second frequency-
dividing circuit 1864 is selected to be 1/122, the output
frequency of the § frequency-dividing circuit 183 1s
(46 — H)f . In this case, the above-mentioned conditions
(3) and (4) may be satisfied if the frequency of the re-
cording low-frequency converted chrominance signal 1s
(46— Dfy and the one-track PI system 1s used. Assum-
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ing that, in this case, the frequency-dividing ratios of the
frequency-dividing circuits 191 to 194 are selected to be
1/35, 1/39, 1/49, and 1/57 respectively, the four pilot
frequencies will be as follows:

1} = 35 fi = 10.46fy
I = 39 fa = 9.38{x
3 = 49 f1 = 7.47fH
lg = 57 fa ~ 6.42f4

Further,
fi—fh=f3 - fa=fy
f] — f3 = fr — f4 = 3y

In this manner, the conditions (1) and (2) for the pilot
signal may be satistied.

In the CCIR system, the oscillating frequency of the
VCO 1861 is increased by 3fy in comparison with the
case of the NTSC system to be fyco=369fy and the
frequency-dividing ratio of the second frequency-divid-
ing circuit 1861 is selected to be 1/123. In this case, the
above-mentioned conditions (5) and (6) may be satistied
if the frequency of the recording low-frequency con-
verted chrominance signal is (464 3)fy and the one-
track 90 degrees PS system 1s used.

Assuming that, in this case, the frequency-dividing
ratios of the frequency-dividing circuits 191 to 194 are
the same as those of the NTSC system, the four pilot
frequencies will be as follows:

Iy = 35 fi = 10.46fy
» = 39 f = 9.38{g
I3 = 49 f3 = 7.47ty
lg = 57 fs =~ 6.42{y

Accordingly, the conditions (1) and (2) for the pilot
signal may be satisiied.

In FIG. 10, there is shown an example of the coniigu-
ration constituted by a PLL circuit 186, a pilot signal
generating circuit 190 and a § frequency-dividing cir-
cuit 185, which is suitable for the above-mentioned
embodiment. In FIG. 10, a second dividing circuit 1864
is selected to have its dividing ratio 1/122 in the NTSC
system and 1/123 in the CCIR system. In the pilot signal
generating circuit 190, the frequency-dividing circuits
191'-194', 197 and 198 have their dividing ratios which
are selected to be 1/5, 1/13, 1/7, 1/19, 1/7, 3 respec-
tively regardless of the kind of system, whether it 1s the
NTSC system or the CCIR system.

In FIG. 11, the highspeed frequency-dividing circuit
198 of FIG. 10 is eliminated so that the first frequency-
dividing circuit 1863 is commonly used also for the pilot
signal generating circuit, resulting in simplification of
the circuit.

Next, referring to FIG. 7, an embodiment according
to the present invention will be described in which the
oscillating frequency of the VCO 1861 in the NTSC
system is the same as that in the above-mentioned em-
bodiment, while the frequency-dividing ratio of the
frequency-dividing circuit for generating the pilot sig-
nal is different therefrom.

In the NTSC system, assuming that the oscillating
frequency of the VCO 1861 1s selected to be
fyco=366fy and the frequency-dividing ratio of the
second frequency-dividing circuit 1864 is selected to be
1/122, the frequency of the low-frequency converted
chrominance signal is (46— 3)fy, and the above-men-
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tioned conditions 3 and 4 may be satisfied if the one-
track PI system 1s used.

Assuming that, in this case, the frequency-dividing
ratios of the frequency-dividing circuits 191 to 194 are
selected to be 1/35, 1/38, 1/48, and 1/56 respectively, 5

the four pilot frequencies will be as follows:

l{ = 35 fi = 10.46fy

ly = 38 fr = 9.63fy

I3 = 48 f3 =~ 7.63fy 10
la = 56 £y ~ 6.54f 1

In this manner, the conditions (1) and (2) for the pilot
signal may be satisfied.

- In the CCIR system, if the oscillating frequency of 15
the VCO 1861 is decreased by 3fg in comparison with
the case of the NTSC system to be fyco=363fgand the
frequency-dividing ratio of the second frequency-divid-
ing circuit 1864 is selected to be 1/121, the frequency of
the recording low-frequency converted chrominance 20
signal is (454 §)fy, and the above-mentioned conditions
(5) and (6) may be satisfied when the one-track 90 de-
grees PS system 1s used.

Assuming that, in this case, the frequency-dividing
ratios of the frequency-dividing circuits 191 to 194 are 25
the same as those of the NTSC system, the four pilot
frequencies will be as follows:

11 = 35 f1 = 10.37fy 30
l» = 38 f5 =~ 9.55fy
13 = 48 f3 =~ 7.56fy
lg = 56 fg = 6.48fy

- Thus, the above-mentioned conditions (1) and (2) for
the pilot signal may be satisfied.

In FIG. 12, there 1s shown an example of the configu-
ration constituted by a PLL circuit 186, a pilot signal
generating circuit 190 and a § frequency-dividing cir-
cuit 185, which is suitable for thea above-mentioned
embodiment. In FIG. 12, a second dividing circuit 1864 40
- 15 selected to have its dividing ratio 1/122 in the NTSC
system and 1/121 in the CCIR system. In the pilot signal
generating circuit 190, the frequency-dividing circuits
1917-194", 197 and 196 have their dividing ratios which
are selected to be 1/5, 1/19, 1/24, 3, 1/7, 3 respectwely
regardless of the kind of system, whether 1t is the NTSC
system or the CCIR system.

In F1G. 13, the highspeed frequency-dividing cu'cult
196 of FIG. 12 is eliminated so that the 3 frequency-
dividing circuit 1851, which constitutes the } frequen-
cy-dividing circuit together with the 1 frequency-divid-
ing circuit 1852, is commonly used also for the pilot
signal generating circuit, resulting in simplification of
the highspeed frequency-dividing circuit 197.

Next, referring to FIG. 7, another embodiment ac- 53
cording to the present invention will be described in
which the oscillating frequency of the VCO 1861 is
different. |

In the NTSC system, assuming that the oscillating
frequency of the VCO 1861 is selected to be
tyco=354fy and the frequency-dividing ratio of the
second frequency-dividing circuit 1864 is selected to be
1/118, the frequency of the low-frequency converted
chrominance signal 1s (444 )fy, and the above-men-
tioned condition (3) may be satisfied if the one-track PI
system 1s used.

Assuming that, in this case, the frequency-dividing
ratios of the frequency-dividing circuits 191 to 194 are
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selected to be 1/34, 1/38, 1/48, and 1/56 respectively,
the four pilot frequencies will be as follows:

1y = 34 fi =~ 10.41fy

Ih = 38 f1 =~ 9.32fy

17 = 48 f3 =~ 7.38fy
6.32fy

lg = 56 fq =

In this mannner, the above-mentioned conditions (1)
and (2) for the pilot signal may be satisfied.

In the CCIR system, if the oscillating frequency of
the VCO 1861 is decreased by 3fy in comparison with
the case of the NTSC system to be fpco=351fyand the
frequency-dividing ratio of the second frequency-divid-
ing circuit 1864 is selected to be 1/117, the frequency of
the recording low-frequency converted chrominance
signal 1s (44— §)fy, and the above-mentioned condition
(5) may be satisfied when the one-track 90 degrees PS
system 1s used.

Assuming that, in this case, the frequency-dividing
ratios of the frequency-dividing circuits 191 to 194 are
the same as those of the NTSC system, the four pilot
frequencies will be as follows:

f1 = 10.33fy

11 = 34

I == 38 fr = 9.24fy
ly = 48 f; ~ 7.31fy
4 = 56 fs ~ 627ty

Thus, the above-mentioned conditions (1) and (2) for
the pilot signal may be satisfied.

In the CCIR system, if the oscillating frequency of
the VCO 1861 is increased by 3fy in comparison with
the case of the NTSC system to be fyco=357fy and the
frequency-dividing ratio of the second frequency-divid-
ing circuit 1864 is selected to by 1/119, the frequency of
the recording low-frequency converted chrominance
signal is (444 §)fy, and the above-mentioned conditions
(5) and (6) may be satisfied when the one-track 90 de-
grees PS system 1s used. |

Assuming that, in this case, the frequency-dividing
ratios of the frequency-dividing circuits 191 to 194 are
the same as those of the NTSC system, the four pilot
frequencies will be as follows:

1 = 34 fi =~ 10.50fg
Iy = 38 fa =~ 9.39fy
Iy = 48 fy =~ 7.43fy
l4 = 56 fg =~ 6.38fy

Thus, the above-mentioned conditions (1) and (2) for
the pilot signal may be satisfied.

In FIG. 14, there 1s shown an example of the circuit
configuration which is constituted by a PLL circuit 186,
a piiot signal generating circuit 190 and a } frequency-
dividing circutt 185, and which is suitable for the above-
mentioned embodiment. In FIG. 14, a second dividing
circuit 1864 is selected to have its dividing ratio 1/118 in

the NTSC system and 1/117 or 1/119 'in the CCIR o

system. In the pilot signal generating circuit 190, the
frequency-dividing circuits 191"'-194'", 196 and 199
have their dlwclmg rattos which are selected to be 1/17,
1/19,1/6, 1/7, 4, } respectwely regardless of the kind of
system, whether it i1s the NTSC system or the CCIR
system.
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In FIG. 15, the highspeed frequency-dividing circuit
196 of FIG. 14 is eliminated so that the 3 frequency-
dividing circuit 1851, which constitutes the g frequen-
cy-dividing circuit 185 together with the 3 frequency-
dividing circuit 1852, is commonly used also for the
pilot signal generating circuit, resulting in simplification
of the highspeed frequency-dividing circuit.

In FIG. 16, the highspeed frequency-dividing circuit

199 of FIG. 15 is eliminated so that the 3 frequency-
dividing circuit 1852, which constitutes the § frequen-

cy-dividing circuit together with the 3 frequency-divid-
ing circuit 1851, is commonly used also for the pilot
signal generating circuit, resulting in simplification of
the frequency-dividing circuit.

Various embodiments have been described above in
the case where the one-side field PI system 1s employed
as a method to satisfy the above-mentioned condition
(4) for the low-frequency converted chrominance signal

in the NTSC system.
Next, an embodiment employing the above-men-

tioned both fields PS system in the NTSC system will
be described.

FIG. 17 is a block diagram illustrating the embodi-
ment which is featured in that the output signal of a 3
frequency-dividing circuit has its frequency of Mfy or
(M + )fy (M being integer). In this case, the both fields
PS system is employed and by a phase shifting circuit
184 one of the fields is phase-shifted by +90 degrees
every line while the other field is phase-shifted by —90
degrees every line, so that the low-frequency converted
chrominance signals of the both field respectively have
offsets of +fy/4 and —fx/4 and the both fields have an
offset of fr/2 therebetween, thereby the above-men-
tioned conditions (3) and (4) can be satisified.

Further, if the frequency of the § frequency-dividing
circuit is 45fy, the oscillating frequency fyco of the
VCO 1861 will be 45fyx 8=360fy. In this case, for
example, if the frequency-dividing ratio of the first fre-
quency-dividing circuit 1865 is 3, it will do to set the
- frequency-dividing ratio of the second frequency-divid-
- ing circuit 1866 to be 2/360=1/180.

- As seen from the foregoing description, the condi-
tions for the pilot signal will be as follows:

fz — f1=f4-—- f3=fH

fi—~f1=f4—t=3fgy

In FIG. 17, accordingly, it will do to select the ire-
quency-dividing ratios 1/1y, 1/12, 1/13, 1/14 of the fre-
quency-dividing circuits 191-194 constituting the pilot
signal generating circuit 190 to be as follows:

Iy = 28 1 =~ 6.43fy
1, = 24 =~ 7.50fy
I3 = 19 1 = 9.47fy
lg = 17 4 = 10.59fy
f — f1 = 1.07fy, fg — f3 = 1.12fx

f1 — f] = 3.04fg, f4 — fy = 3.09fy

Accordingly, the conditions for the pilot signal can be
satisfied.

In these embodiments, no expensive Xtal element 1s
required to generate a pilot signal, the chip areas can be
largely reduced when the circuit is configured by ICs
and the power consumption can be decreased. Espe-
cially, since the frequency of the pilot signal is exactly a
multiple of the frequency of the horizontal synchroniz-
ing frequency, the system is superior in interchangeabil-

10

15

20

25

30

335

40

435

50

53

60

65

16

ity of tape, resulting in improvement in its performance
in comparison with the conventional technique.

FIG. 18 shows an embodiment in which an oscillator
is commonly used for generating a pilot signal as well as
for generating an oscillating frequency Nfgy (N being
integer) to produce a carrier used for the low-frequency
conversion of chrominance signal, and a highspeed
logic element used in the frequency-dividing circuit for
generating a pilot signal is eliminated by selecting the
frequency of the pilot signal to be (N/2D)fx (I being
integer), so as to reduce the chip areas as well as the

power consumption.

In FIG. 18, the embodiment is different from the
FIG. 7 embodiment in that the phase-shifting circuit 184
is eliminated and the } frequency-dividing circuit 185 is
directly connected to the converter 182, and that the
frequency-dividing ratio of the frequency-dividing cir-
cuit 1864’ is switched between 1/Nj and 1/Noa.

An embodiment according to the present invention in
the NTSC system in which phase-shifting is not eftected
will be described hereunder. It is necessary to cause the
output frequency of the § frequency-dividing circuit
185 is different from each other for both the fields, and
therefore it is selected, for example, to be (48 — 3)fyand
(48 + 3)fy. This is to provide a chrominance signal fre-
quency difference ify and a frequency offset ify be-
tween fields. Further, if the output frequency of the §
frequency-dividing circuit 185 is (48 —3)fx in the first
field, the oscillating frequency fyco of the VCO 1861
has to be 8 X (48— Hfy=382fy, while if it is (48+ 3)fx,
the oscillating frequency fyco of the VCO 1861 has to
be 8X(48+ fy=386fy. Accordingly, it will do to
select the frequency-dividing ratio of the frequency-
dividing circuit 1864’ to be 1/382 in the first field and
1/386 in the second field.

In this case, the frequency-dividing ratios 1/1y, 1/1y,
1/13, 1/14 of the frequency-dividing circuits 191-194
constituting the pilot signal generating circuit 190 are
selected to be as follows:

29 382y

I
| —

fl = 5 6.59fy
1y = 26 f = ;iﬁfi = 7.42fy
3 = 20 £ = ;iﬁf; = 9.65(y
lg = 18 f4 = ;iﬁ; = 10.61fy

fy — f1 = 0.83fy, f4 — f3 = 0.96ty
f; — f1 = 3.06fy, f4 — f2 = 3.19fy
a; = 0.59, az =, a3 = 0.65, ag = 0.61

Accordingly, the above-mentioned conditions (1), (2)
and (3) for the pilot signal can be satisifed.

In this embodiment, since no expensive Xtal element
is required to generate a pilot signal and the frequency
of the pilot signal can be selected to be exactly a multi-
ple of the horizontal scanning frequency, the system 1is
superior in interchangeability of tape, resulting in 1m-
provement in its performance in comparison with the
conventional technique. Further, since the input fre-
quency of the pilot signal generating frequency-divid-
ing circuit is about 193fy=3MHz and therefore the
frequency-dividing circuit may be composed by low-
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frequency logic elements, for example by integrated
injection logics (IL.), the chip areas as well as the
power consumption may be reduced when the system is
realized by ICs.

A method of generating a pilot signal in the recording 5
“operation has been described above with respect to the
chrominance signal low-frequency converting circuit.

It 1s apparent, however, that this method is not limited
to such a chrominance signal low-frequency coversion
system but it may be applied to other signalling system. 10

A method of reproducing a pilot signal recording
pattern according to the four-frequency pilot system
shown 1in FIGS. 1A and 1B will be described hereunder.

In reproducing operation, the first and second heads
reproduce not only the pilot signal on the main track 15
but the pilot signal on the adjacent track as a cross-talk
component. For example, in FIG. 1A, when the first
head is scanning a track Aj to reproduce a pilot signal
frequency fi, it reproduces, at the same time, pilot signal
frequencies f3, f» on the adjacent tracks B, B3. In order 20
to obtain a tracking error signal, a difference 1n repro-
ducing level between these pilot signal frequencies f3
and f; is detected and the difference therebetween is
produced as the tracking error signal. For example,
when the track Ajis scanned in FIG. 1A, the level of 25
the pilot signal frequency f3 is subtracted from that of
the pilot signal frequency f so as to produce the differ-
ence as the tracking error signal. In response to the
tracking error signal, the head is controlled by a servo-
mechanism so as to make the tracking error tc be zero 30
in such a manner that when the tracking error signal has

a positive value, this means that the head is shifted right-
ward with respect to the track A3 and therefore it is

moved left, and vice versa. As will be apparent when
comparison 18 made between FIGS. 1A and 1B, the 35
respective order of arrangements of the pilot signal
frequencies on adjacent tracks are reversed to each
other in FIGS. 1A and 1B. This is due to the mirror
symmetrical arrangement of the pilot signals in FIGS.
1A and 1B. As a result, the polarity of the tracking error 40
signal with respect to a track shift is opposite to each
~other between FIGS. 1A and 1B. FIG. 19 illustrates
variations in level of tracking error signal with respect
to variations in amount of track shift. FIG. 19 shows the
relation between the amounts of track shift and tracking 45
error with respect to those in the standard status in
which the first head traces along the center of the track
Aj. As seen in FIG. 19, in the operation with the second
recording-time mode (L.P-mode), it will do to reverse
the polarity of the tracking error signal to be supplied to 50
the servo-circuit (not shown) with respect to the first
recording-time mode (SP-mode) in order to effect cor-
rect tracing. The respective pilot signals from the two
adjacnet, left and right, tracks are distinguished by the
frequency difference therebetween. In a practical case, 55
the reproducing pilot signal frequency component from
adjacent track is frequency-converted with the pilot
signal frequency of the main track and extracted as a
signal having a frequency which indicates the differ-
ence value between the respective frequencies of the 60
pilot signals on the main and adjacent tracks. For exam-
ple, in FIG. 1A, when the track A3 is traced, the fre-
quency difference is fy on the right adjacent track and
3ty on the left adjacent track. However, if fi is used as
a frequency for frequency conversion on the track Ag4, 65
the frequency difference is 3fy on the right adjacent
track and fzon the left adjacent track, so that the polar-
ity of the tracking error signal is opposite to each other.

18

~ As a result, if the frequency for frequency conversion is

fixed to fi, the relation between the track shift and the
tracking error amount are as shown in FIG. 19. Now, if
the frequency for frequency conversion is changed
from f] to fs, the polarity of the tracking error is re-
versed. This relation applies to the frequencies f; and f3,
and if the frequency for frequency conversion is
changed from f; to f3, the polarity of the tracking error
1s reversed. When recording has been effected in the
SP-mode as shown in FIG. 1A or in the LP-mode as
shown in FIG. 1B, it is required in order to correctly
trace in the reproducing operation that the pilot signal
frequencies for frequency conversion are circulated in
the same order or rotation as that in the recording oper-
ation. Accordingly, in the example of SP-mode as

- shown in FIG. 1A, the frequencies are circulated in the

order of fi, f2, f4, f3. .., while in the example of LP-
mode as shown in FIG. 1B, they are circulated in the
order of fi, 13, f4, f, . . . . Generally, when the tape

speed 1s different between the recording and reproduc-
Ing operations, the amount of track shift, which is as-
sumed to be zero when the tracing is correctly effected,
Increases or decreases with a predetermined rate. Ac-
cordingly, since the tracking error shows a correct
value 1n the case where the rotation of the frequencies
for frequency conversion in the reproducing operation
Is the same as that in the recording operation, the
amount of track shift varies continuously and disconti-
nuity does not occur even during the switching opera-
tion of head. However, if the recording mode varies on

the way of reproducing operation, or if the signal has
been recorded on the tape in the recording mode which
is different from that is expected, the rotation in the
reproducing operation differs from that in the recording
operation. In the examples as shown in FIGS. 1A and
1B, since the rotation is fi, f5, f4, f3, .. . in the former and -
f1, f3, f4, f3, . . . In the latter, the frequencies f> and f; are

replaced in the respective rotations. Accordingly, in the

example shown in FIGS. 1A and 1B, if the rotation does
not agree, the tracking error will show an opposite
polarity to its correct value and discontinuity of track-
ing error will occur at the time of head switching. FIG.

20 shows examples of variations in tracking error in the
reproducing operation when the recording mode
changes from the SP-mode to LP-mode and from LP-

mode to SP-mode respectively. |

As shown in FIG. 20, since the polarity of the track-
ing error 1s reversed, the value of tracking error crosses
the zero level. Using this zero crossing, it becomes
possible to judge the recording mode.

An embodiment of the recording-mode judging cir-
cuit in a four-frequency pilot system will be described
hereunder.

FIG. 21 1s a block diagram showing an embodiment
of the recording-time judging circuit in the four-fre-
quency pilot system. Only a pilot signal is extracted
from a reproduced signal applied to an input terminal 1”
from a first or a second head through a low-pass filter
301. This pilot signal is applied to a frequency-convert-
ing circuitt 302. When the head correctly traces a re-
cording track on a tape, the pilot frequencies of the
track which is not being traced are used for the signal
frequencies (fi-fs) for frequency conversion, and the
pilot signal frequency components of adjacent tracks
which are reproduced as cross-talk components from
the adjacent tracks are frequency-converted as compo-
nents having frequencies showing the differences in
pilot signal frequencies between the main track and
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adjacent tracks. The difference-frequencies are fg and
3fy. Accordingly, the level difference of the repro-
duced signals having these frequencies fy and 3fg indi-
cates the shift of track. In FIG. 21, the output of the
frequency converting circuit 302 is applied to band-pass
filters 303 and 304 respectively having central frequen-
cies fz and 3fx and the reproducing pilot signals from
the adjacent tracks are separated thereat. The repro-
duced levels of the respective separated pilot signals are
detected by envelope detecting circuits 305 and 306 and
applied to a subtracting circuit 307 which produces in
turn a signal showing the level difference between the
two levels. Since it is necessary to change over the
polarity of this level-difference signal depending on the
fact which head is now being used, the first one or the
second one, the polarity of the level-difference signal 1s
reversed in a polarity reversing circuit 308 in response
to a head changing-over signal so as to produce a track-
ing error signal. This tracking error signal is shaped by
a waveform shaping circuit 401. FIG. 22 shows signal
waveforms at various portions of the circuit of FIG. 21.
When the reproducing-time mode for reproducing a
signal recorded on a tape is different from the record-
ing-time mode in which the signal has been recorded on
the tape, the tracking error signal has been already
shown in FIG. 20, and the same waveform of this track-
ing error signal is shown in FIG. 22(5). The output of
the waveform shaping 401 circuit has a waveform as
- shown in FIG. 22(c) and applied to a mono-stable multi-
- vibrator 402 which is actuated at both the rising and
- falling of the applied signal and produces in turn a pulse
train as shown in FIG. 22(d). Another mono-stable
multivibrator 403 receives the headchange-over signal
and produces a pulse as shown in FIG. 22(e) every time
the head is changed over. The output of the mono-sta-
ble multivibrator 402 is applied to one of the two inputs
of an AND gate 405 through a gate 405 which will be
described later and the output of the mono-stable multi-
vibrator 403 is applied to the other input of the AND
gate 405, so that the AND gate 405 produces a pulse
- train as shown in FI1G. 22(Y). If the frequency rotation of
the four-frequency pilot signal in the recording opera-
tion is the same as that of the pilot signal for frequency
conversion in the reproducing operation, such disconti-
nuity does not occur. Even if discontinuity occurs at the
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time of head change-over due to a head offset or a curve

of recording track, the value of this discontinuity 1s
usually very small and the zero-crossing seldom occurs.
Considering the zero-crossing of the tracking error
level which may seldom occur due to such a head offset
or curve of track, it will do to count the number of
pulses produced by the AND gate 405 for a predeter-
mined period of time so that when the count exceeds a
predetermind value, the recording-time is change-over.
To this end, a counter 406 receives the head change-
over signal and produces a pulse having a predeter-
mined pulse-width as shown in FIG. 22(g). This pulse 1s
applied to an AND gate 407 so that the AND gate 407
allows the pulses produced by the AND gate 405 to
pass therethrough to a counter 408 for the time of the
pulse-width of the output of the counter 406. The
counter 408 is reset by the rising of the output pulse of
the counter 406 and counts the input pulses from the
AND gate 407 so as to produce a pulse only when the
count exceeds a predetermined value. The output of the
counter 408 is applied to a flip-flop 409 so as to change
the output level of the flip-flop 409 from high to low or
from low to high. When the reproducing operation is
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started from the sttopage status, the output of the flip-
flop 409 is reset by a reset signal and Initial-set at a
certain recording-time mode. Thereafter, if this initial
setting is correct, the counter 408 does not produce any
pulse so as to provide the correct mode judgement. If
the initial setting is not correct or the mode changes on
the way of reproducing operation, the counter 408 pro-
duces a pulse so as to change the output of the flip-flop
409 to indicate the correct recording-time mode.

The tracking error signal is applied also to a full-wave
rectifying circuit 410 and full-wave rectified thereat.
The output of the full-wave rectifying circuit 410 is
applied to a waveform shaping circuit 411 and caused to
be a high level when it is higher than a threshold level
and a low level when it is lower than the threshold
level. F1G. 22(4) and FIG. 22(i) show the outputs of the
full-wave rectifying circuit 410 and the waveform shap-
ing circuit 411 respectively. The output of the wave-
form shaping circuit 411 is applied to the AND gate
404. The purpose of the AND gate 404 is to intercept
the output pulse of the mono-stable multivibrator 402 so
as to prevent such a mal-operation as to mistake the

judgement of recording-time mode from occurring

when the tracing is made correctly. To this end, alterna-
tively, quite the same effect may be expected by shifting
the value of the tracking error applied to the wave
shaping circuit 401 by a slight dc value in place of the
circuits 410, 411 and 404. In the above-described em-
bodiment, although it is possible to judge the recording-
time mode in the case of ordinary reproducing opera-
tion or variable speed reproducing operation, there is a
special case in which the change-over of head always
occurs at the zero position of the tracking error in a
search reproducing operation with a fixed tape speed
and with a phase-locked tape running. In this case, 1t 1s
impossible to detect the change in recording-time mode
by the above-mentioned means. In such a special case,
however, the recording-time mode may be easily de-
tected by other simple means and, therefore, in a system
provided with such a search speed, it will do to provide
also such other means. It is limited to the case of search
reproducing operation that such a special condition
occurs. Since a head crosses several recording tracks in
one field period, the difference in recording-time mode
corresponds to the difference in number of tracks which
are crossed by the head and therefore it will do to detect
the number of the tracks. This is attained by counting
the number of times of the zero-crossing of the tracking
error in one field period.

In the embodiment described above, the recording-
time mode can be automatically surely attained with a
simple circuit configuration at any tape-reproducing
speed so that a magnetic reproducing system may be
provided with is inexpensive and which has various
kinds of recording-time modes.

F1G. 23 is a block diagram showing another embodi-
ment of the recording-time mode judging circuit in the
four-frequency pilot system. In FIG. 23, the same parts
as those in FIG. 21 are applied with the same reference
numerals and the explanation thereof 1s omitted.

Generally, a large extent of mistracking may occur
when the reproducing operation is started from the
sttopage status or when the recording-time mode In
which the signal has been recorded changes on the way
of reproducing operation so that a track next but one to
the correct track may be traced. In this case, a pilot
signal frequency difference 4fy is generated in the first
head and 2fy in the second head. Accordingly, by de-
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tecting the frequency difference, it is possible to judge
the fact that the next but one track is being traced. This

will be described by referring to FIG. 23. The output of

a frequency converting circuit 302 is applied to band-
pass filters 421 and 422 having central frequencies 2fy
and 4fy respectively so that the pilot frequencies of the
next but one tracks are extracted. The levels of the
separated and extracted pilot signals are detected in the
envelope detecting circuits 423 and 424 and shaped in
the waveform shaping circuit 425 and 426, respectively.
When the waveform shaping circuit 425 or 426 detects
the 2fy or 4fy signal having a level equal to or larger
than a predetermined value respectively, it produces a
high level signal as its output. The outputs of the wave-
form shaping circuits 425, 426 are applied to an OR
circuit 427 which produces a high level signal when the
head traces the next but one tracks. |

The tracking error signal is applied also to a polarity
controlling circuit 428. A relative speed judging circuit
429 serves to judge the relative speed and direction
between the recording track and the head by the tape
speed at the recording operation and the actual tape
speed at the reproducing operation based on the actual
operating mode signal, at the reproducing operation,
either the SP reproducing or the LP reproducing. The
polarity of the tracking error signal is changed over in
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response to the output of the circuit 429. In FIG. 19, the

© point B indicates a status that the first head (FIG. 19q)

or the second head (FIG. 19b) traces the center of the
next but one track, in which status the direction of
change of the tracking error is opposit to that at the
point A indicating the status in which the head traces
the center of the main track. However, the SP-mode is
opposite to the LP-mode 1n direction of change of the
tracking error and therefore by using this fact the mode
judgement can be attained. Further, as described above,
by producing a correct signal from the relative speed

- judging circuit 429, the axis of abscissa can be consid-

ered as a time axis. As seen in FIG. 23, therefore, the
output of the polarity controlling circuit 428 is shaped
~ 1n a waveform shaping circuit 430 and the output of the
waveform shaping circuit 430 is applied to mono-stable
multivibrator 431 and 432 each of which is actuated by
the rising and the falling of the output of the waveform
shaping circuit 430 so as to produce a pulse. FIG. 24 is
a time chart showing the time relation among the sig-
nals mentioned-above.
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The output of a gate circuit 436 which is supplied '

with the output of the OR circuit 427 is ANDed by an
AND circuit 433 with the output of the mono-stable
multivibrator 431 and the same output of the waveform
shaping circuit 436 is ANDed by another AND circuit
434 with the output of the mono-stable multivibrator
432, so that as will be apparent from FIG. 22, a pulse is
produced at the output of the AND circuit 433 when
the mode is SP-mode and alternatively a pulse is pro-
duced at the output of the AND circuit 433. Accord-
ingly, if the output of the AND circuit 433 is applied to
the set input of a flip-flop 435 and the output of the
AND circuit 434 1s applied to the reset input of the same
flip-flop 435, a high level and a low level are produced
at the output of the flip-flop 435 when the mode is the
SP-one and the LLP-one, respectively, so as to enable the
mode judgement to be attained. The recording-time
mode output is supplied to the tracking error generating
circuit 300 so as to be used for the polarity determina-
tion of the tracking error signal, or the rotation determi-
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nation of the pilot signal frequencies in the case of four-
frequency pilot system, etc. |

Although in the above-described case, a signal indi-
cating the system operating mode is applied to the input
of the relative speed judgement circuit 429, a signal
representing the rotary speed of a capstan, for example
an output of a frequency generator directly connected
to a shaft of the capstan, may be used in place of the

first-mentioned signal or together with the same. In
such an arrangement, since the actual tape reproducing
speed can be known, the relative speed and direction
can be judged by comparing the actual tape reproduc-
ing speed with the tape speed when the tape has been
recorded. |

Further, it will be apparent from the aforementioned
explanation that a switch may be provided so as respec-
tively apply the outputs of the AND circuits 424 and
433 to the set input of the flip-flop 435 and the reset
input of the same flip-flop 4385, in place of reversing the
polarity of the tracking error signal by the polarity
controlling circuit 428 in response to the output of the
relative speed judging circuit 429.

When the system 1s changed from the sttopage mode
to the reproducing mode, a mistracking state may occur
before correct tracing is attained. The mode judgement
can be made in this period. Next, in the case where the
mode is changed into another one from the SP-mode or
LP-mode when a tape is being reproduced, the record-
ing tape-speed of the other mode into which the repro-
ducing operation is to be changed can be used as a
reference speed signal for the relative speed judging
circuit. In this case, if the reference speed signal is
changed immediately after the mode judgement has
been achieved, there is a possibility of maloperation
when the mode is changed, for example, from the
SP-one to the LP-one. To prevent this maloperation, it
will do to hold the result of recording mode judgement
till correct tracing is attained (till a tape running servo
has come in its drawn-back state) after the mode judge-
ment has been achieved. To this end, it will do to hold
the output of the OR circuit 427 in its low level after the
output of the OR circuit 427 has been applied to the gate
circult 436 and, for example, a pulse has been outputted
from the circuit 436 to the AND circuit 433 or 434 1]
the tape running servo has been drawn back. In this
case, the reference speed signal may be changed imme-
diately after the mode judgement has been achieved.
Alternatively, the change of the reference speed signal
may be delayed till the tape running servo has been
drawn back. In this embodiment, there is an advantage
that any maloperation does not occur in the reproduc-
Ing operation at a standard speed since the tracing sel-
dom shifts to the next but one track if the mode judge-
ment 1s achieved and the tracing is correctly attained.
When the four-frequency pilot signal is used, the fre-
quencies of the pilot signal for frequency conversion
applied to the frequency converting circuit 302 in the
reproducing operation are successively changed over in
the same rotation as the recording rotation in the re-
cording operation. However, as shown in FIGS. 1A
and 1B, the recording rotation of the pilot signal fre-
quencies 1s different between the SP and LP modes in
the recording operation. Therefore, in the case where
the reproducing mode does not correspond to the re-
cording mode recorded on a tape which is now to be
reproduced, the rotation of the pilot signal frequencies
to be used in the reproducing operation is different from
the rotation of the recorded pilot signal frequencies,
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resulting in discontinuity in the tracking error signal.
For example, if the frequency f31s used in the reproduc-
ing operation when the frequency f; has been used in the
rotation in the recording operation, the tracking error
signal is reversed in its polarity. This causes large dis-
continuity of the tracking error signal. Since such dis-
continuity occurs at the time of changing-over head, 1t
will do that the change of polarity of the tracking error
~signal at the time of head changing over is not used for
the recording mode judgement. To this end, it will do to
provide gates between the mono-multivibrator circuits
431, 432 and the AND circuits 433, 434, so as to prevent
any pulse generated at the time of head changing over
from being applied to the AND circuits 433 and 434.

In the embodiment described above, the recording-
time mode can be surely attained with a simple circuit
configuration at any tape-reproducing speed so that a
magnetic reproducing system may be provided which 1s
inexpensive and which has various kinds of recording-
time modes.

Although all the embodiments described above relate
to the recording/reproducing system using the four-fre-

quency pilot system, the subject of the present invention |

is to change the recording rotation of the pilot signal
frequencies depending on the recording-time mode,
especially to arrange mirror-symmetrically the pilot
signal frequencies when two kinds of recording-time
modes are used, and therefore the present invention IS
- not limited to the case where the four-frequency pilot
- system is used. For example, a one-frequency pilot sys-
tem can be used.

An embodiment of the recording/reproducing sys-
tem using the one-frequency pilot system will be de-
scribed hereunder.
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FIGS. 25A and 25B show a part of an example of 35

recording patterns of one-frequency pilot signal (for
tracking) in a video tape recorder of the rotary two-
heads helical scanning type, in which one-frequency
pilot signals are arranged in the horizontal retrace re-
gions of the television signal as shown in the drawings.
" FIGS. 25A and 25B show the respective recording
- patterns in the first and second recording-time modes, 1n
each of which a one-frequency pilot signal f is recorded
every four horizontal scanning periods (4H) on each of
the recording tracks A (A1, A2...)and B (By, B2. ..
). Further, not only the recorded positions of the pilot
signal on each one of tracks adjacent to a main track are
spatially shifted from the recorded positions of the pilot
signal on the main track but also the respective re-
corded positions of both the right and left tracks adja-
cent to the main track are arranged such that they are
not point symmetrical with respect to the intermediate
position of the recorded positions of the pilot signal on
the main track.

A recording circuit using the one-frequency pilot
system will be described next. FIG. 26 1s a block dia-
gram showing an embodiment of the recording circuit
using the one-frequency pilot system and FI1G. 27 shows
waveforms of signals at various portions of FIG. 26
circuit. In FIG. 26, reference numeral 61 denotes an
oscillator for producing a single pilot signal. It will do,
alternatively, to obtain a single pilot signal by frequen-
cy-dividing the output signal of the previously de-
scribed local oscillating circuit 180 by utilizing the
same. Reference numeral 62 denotes a gate circuit for
turning on/off the pilot signal with an approprnate tim-
ing such that the recording patterns as shown in FIGS.
25A and 25B are formed on a tape. A horizontal syn-
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chronizing signal is separated from a television signal by
a synchronizing separator circuit 65. The horizontal
synchronizing signal is shown in FIG. 27(a). In the
embodiments shown in FIGS. 25A and 25B, the pilot
signals are recorded every 4H (H being a horizontal
period). Accordingly, in response to the output of the
synchronizing separator circuit 65, a pulse generating
circuit 66 generates four kinds of gate pulses a, b, ¢, and
d which are different in phase from one another and
each of which is produced every 4H as shown in (b) to
(e) of FIG. 27. The pulse-width of each gate pulse 1s
selected to be substantially equal to one horizontal re-
trace period.

Based on the head change-over pulse, an extracting-
phase determining circuit 71 produces signals ¢, {, g and
h for determining at which phase the pilot signal 1s
extracted for each recording track and applied to gates
67, 68, 69 and 70. In response to the signals e, {, g and h,
the phase signals a, b, ¢ and d are selected for each field.
The outputs of the gates 67, 68, 69 and 70 are summed
up and applied to the gate 62. The on/off controlled
pilot signal is added in an adder 63 to a video signal
obtained by processing a recording television signal and
recorded on a tape through a recording amplifier 64, a
head, etc. In the case as above where the respective
recorded positions of pilot signals are different from
each other between the right and left tracks adjacent to
the main track, it is possible to determine from which
track a pilot signal has been reproduced, right or lett,
based on the timing at which the pilot signal is detected
in the reproducing operation. For example, when the
first head is scanning the track A in FIG. 25A, a pilot
signal reproduced 1H after from a pilot signal repro-
duced from the main track (which pilot signal has the
largest level Pp among all the reproduced pilot signals
and is referred to as a main pilot signal) is the pilot signal
(of which level is assumed P;) which has been repro-
duced from right adjacent track and a pilot signal repro-
duced after 2H from the main pilot signal 1s the pilot
signal (of which level is assumed P;) which has been
reproduced from the left adjacent track. The level of a
pilot signal reproduced after 3H from the main pilot
signal is assumed to be P3. FIG. 28 shows the change 1n
time of the reproduced pilot signals. Assume now that
in FIG. 25A, i.e. in the SP-mode, the amount of track-
ing error E4 when A-head is reproducing and the
amount of tracking error Ep when B-head 1s reproduc-
ing may be expressed as follows:

E4=P1—P2+P;3 (1)

Ep=P;—P3-P1=—Ej4 (2)

FIG. 29a shows the relation between the amount of
track shift and the tracking error E.

When the track is correctly traced, the value of the
tracking error E is zero, while if the tracing shifts right
or left, the value of the tracking error E is positive or
negative respectively. By using this fact, the track can
be correctly traced by actuating a tracking servo mech-
anism (for example, by controlling the tape running
speed).

The difference in position of the recorded pilot sig-
nals between the SP- and LP-mode operations shown in
FIGS. 25A and 25B respectively is that the respective
arrangements of the pilot signals on the right and left
adjacent tracks viewed from the main track are opposite
to each other between the former and the latter. That 1s,
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the respective arrangements of FIGS. 25A and 25B are
mirror symmetrical.

As a result, in the LP-mode, the tracking error E is
opposite in its polarity to that in the SP-mode as seen in
FI1G. 296. Namely, in FIGS. 292 and 295, with respect
to the point A at which the amount of track shift is zero
(the reproducing level of video signal is maximum), the
tracking error E changes from negative to positive
when the track shift increases in the SP-mode, while it
changes from negative to positive in the LP-mode. By
using this, the mode can be judged whether it is SP-one
or LP-one. It will do, of course, to use a signal which is
obtained by reversing the tracking error signal in its
polarity as the signal to be applied to servo circuit, in

order to cause a tracking servo to correctly operate in
the LP-mode. It is noted that in FIG. 29 the axis of

abscissa 1s not time but it is the amount of track shift.
That 1s, it 1s necessary to know the change in time of the
track shift amount.

To which direction in the axis of abscissa the track
shift changes, in the positive direction or negative direc-
tion, 1s determined in accordance with the difference
between the respective tape speeds in the recording and

reproducing operations, and therefore the direction of

the change in time of the tracking error amount at the
point A relates not only to the recording-time mode but
to the difference between the respective tape speeds in
the recording and reproducing operations. This differ-
ence between the respective tape speeds in the record-
ing and reproducing operations can be easily deter-
mined by the operating mode of the reproducing sys-
tems at that time and the number of rotation of the
capstan.

That is, in the process during which the reproducing
system is caused to be in the reproducing mode from the
sttopage one and the tape speed rises from zero, the
reproducing tape speed is lower than the recording tape
speed and the track shift changes in the decreasing
directton in FIG. 29. Also when the recording-time
mode of a signal recorded on a tape changes from the
LP-one to the SP-one during the reproducing operation
~of the tape in the standard speed, the amount of track
shift changes in the decreasing direction in FIG. 29. On
the contrary, when the recording mode changes from
the SP-one to the LP-one, the amount of track shift
changes in the increasing direction.

Further, in the variable speed reproducing operation,
the amount of track shift changes in the increasing and

decreasing directions in the forward and backward

rotary searches respectively. In the slow reproducing
operation and other various kinds of variable speed
reproducing operation, whether the amount of track
shift changes in the decreasing direction or in the in-
creasing direction can be determined in accordance
with the change of the recording-time mode of the
signal recorded on a tape.

It 1s possible to cause the direction of change of the
amount of track shift to coincide equivalently with the

direction of the time axis by controlling the polarity of
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the tracking error signal used for the judgement of 60

recording-time mode, in accordance with the determi-
nation whether the amount of track shift changes in the
increasing or decreasing direction. That is, when the
track shift amount decreases, it is possible to cause the
direction of change of the track shift amount to coincide
with the time axis in FIG. 29.

In this manner, the trackig error amount changes in
time at the point A from negative to positive in the
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SP-mode and from positive to negative in the LP-mode.
By using this difference in the direction of change, it is
made possible to judge the recording-time mode.

FI1G. 30 shows an example of the recording-time
mode judging circuit. A pilot signal is extracted from a
head reproducing signal through a band-pass filter 310
with a recording pilot signal frequency as its central
frequency and detected by an envelope detecting circuit
311. A tracking error signal generating circuit 312 de-
tects a maximum level of a reproducing pilot signal so
that the values P, P; and P3 are obtained based on the
detected maximum level of the reproducing pilot signal
to achieve the operation of the above-mentioned equa-
tion (1) so as to produce a tracking error signal E. A
polarity reversing circuit 313 reverses the polarity of
the tracking error signal E depending on the fact
whether the head which is now achieving reproducing
operation 1s the head A or head B, as shown in the
above-mentioned equations (1) and (2). The output of
the polarity reversing circuit 313 is the tracking error
signal E which is applied to a servo circuit. A polarity
controlling circuit 440 according to the present inven-
tion determines whether the polarity is to be reversed or
not based on the output of a relative speed judging
circuit 441. The relative speed judging circuit 441
judges the direction of the difference frequency be-
tween the respective tape speeds of a signal recorded on
a tape in the recording and reproducing operations and
produces a control signal which is applied to the polar-
ity controlling circuit 440 so as to cause the circuit to
produce a non-reversed error signal when the above-
mentioned difference frequency direction is judged to
be a forward one, while produce a reversed error signal,
on the contrary, when the direction is judged to be a
backward one. The relative speed judging circuit 441 is
supplied with a mode signal which indicates the status
of operating mode of the system (whether the system is
in the forward rotating state or backward rotating state,
whether the system is in the reproducing state in the
SP-mode or LP-mode, or the like) and another signal
representing the rotary speed of the capstan (the output
of a frequency generator directly connected to the cap-
stan shaft, or the like), so that the direction of the rela-
tive speed is judged. Thus, it is possible to make the axis
of abscissa coincide with the time axis in FIG. 29.

An envelope detecting circuit 442 detects the level of
a reproducing FM signal when a video signal is fre-
quency modulated. A waveform shaping circuit 443

produces a high level when the reproducing FM level =

exceeds a threshold level. FIG. 31 shows waveforms of
signals at various parts in the circuit in FIG. 30. That is,
a high level is produced from the waveform shaping
circuit 443 when the first or second head traces at the
vicinity of a correct track. The output of the polarity
controlling circuit 440 is shaped in a waveform shaping
circuit 444 in a manner as shown in FIG. 31. The wave-
forms of the respective outputs of a mono-stable multi-
vibrator 445 which is actuated by the rising of the out-
put of the waveform shaping circuit 444 and another
mono-stable multivibrator 446 which is actuated by the
falling of the output of the same waveform shaping
circuit 444 are shown in FIG. 31. The respective output
of the waveform shaping circuit 443 and the mono-sta-
ble multivibrator 445 are applied to an AND circuit 447
and the respective output of the waveform shaping
circuit 443 and the mono-stable multivibrator 446 are
applied to an AND circuit 448 so that a pulse appears at
the output of the AND circuit 447 when the recording
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mode is the SP-one and at the output of the AND cir-
cuit 447 when the recording mode is the LP-one, as seen
in FIG. 31. Accordingly, if the respective output pulses
from the AND circuits 447 and 448 are applied to the
set and reset terminals of a flip-flop 449, the level of
output of the flip-flop 449 is made high in the SP-mode
while low in the LP-mode so as to make possible the
judgement of the recording-time mode. In FIG. 30, a
switch may be provided so as to apply the outputs of the
AND circuits 447 and 448 to the reset and set terminals
of flip-flop circuit 449 in place of reversing the tracking
error signal by the output of the relative speed judging
circuit 441. It will be apparent that the switch can
equivalently correctly attain the function. Since a large
track shift may be generated in the case where the re-
corded tape speed with which the signal has been re-
corded on the tape in the recording operation changes
during the reproducing operation, or where the system
is changed into its reproducing state from its sttopage
state, it is made possible to judge the recording-time
mode by the above-mentioned means. Since there 1s a
possibility of mal-operation due to a little speed varia-
tion during the tracing is correctly attained 1n the em-
bodiment of FIG. 30, it will do to achieve the mode
judgement only when the amount of tracking error
exceeds a predetermined value. This may be attained,
for example, by providing a gate circuit 450 at the out-
put of the waveform shaping circuit 443 which opens
the gate for a predetermined period so as to achieve the
mode judgement only when the tracking error amount
exceeds a predetermined value. Alternatively, it 1s pos-
sible to use the point B corresponding to the center of
the adjacent track in place of the point A 1n FIG. 31. In
-~ this case, it will be apparent from the above-description
that the correct operation can be attained by using the
reversed waveform of that shown in FIG. 31 as the
output of the waveform shaping circuit 443 and con-
necting the outputs of the AND circuits 447 and 448 to
the reset and set terminals respectively. In the case
where there is a possibility of a maloperation in a period
from the time the mode judgement has once been ef-
- fected to the time the servo is actuated so as to attain the
tracing correctly, it is also possible to prevent the
maloperation from occuring by causing the gate circuit
450 to close its gate to prevent the mode judgement
from being achieved till the servo has been drawn back.

Each of FIGS. 32A and 32B shows a part of a further
example, according to the present invention, of a re-
cording pattern of one-frequency pilot signal, in which
one-frequency pilot signals 1n phase by 1380 degrees are
arranged in the horizontal retrace regions as shown 1n
the drawings. FIGS. 25A and 25B show the respective
recording patterns in the first and second recording-
time modes, and the respective arrangement of record
of the pilot signals in FIGS. 32A and 32B are mirror
symmetrical with each other, similarly to the previous

case.
The example of FIGS. 32A and 32B is the same as

that of FIGS. 25A and 25B in that a pilot signal 1s re-
corded in the horizontal retrace region but different in
that the pilot signals arranged in phase by 130 degrees
are used in the former. In each of FIGS. 32A and 32B,
the pilot signals are recorded at positions indicated by
the marks “0” and “r” and being in phase by 180 de-
grees from each other. Since the pilot signals are re-
corded every 2H in this example, it i1s made possible to
distinguish the pilot signals reproduced from the main
track from the pilot signals reproduced from the adja-
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cent tracks by inputting the reproduced pilot signal
onto the 2H delayed line so as to effect addition and
subtraction therebetween. |

Further, it is possible to determine from which one of
the adjacent tracks, right one or left one, a pilot signal
has been reproduced, by the fact that the reproducing
timings are different from each other between the re-
producing from the right adjacent track and left adja-
cent one.

FIG. 33 shows the track shift amount and the track-
ing error E (the level difference between the respective
reproduced pilot signals from the right and left adjacent
tracks) in FIGS. 32A and 32B. The variations in track-
ing error shown in FIG. 33 are essentially the same as
those shown in FIG. 29. Accordingly, the judgement of
the recording-time mode can be achieved also in this
case by the same means as that described with respect to
FIGS. 30 and 31.

We claim:

1. A magnetic recording system comprising:

video signal processing means including a separating

circuit for separating at least one of a luminance
signal and a chrominance signal from a video sig-
nal, a frequency-modulating circuit for receiving
said luminance signal and for frequency-modulat-
ing said received luminance signal, frequency con-
verting means for receiving said chrominance sig-
nal and for converting a frequency of said received
chrominance signal into a low-frequency band, and
mixing circuit means for mixing said frequency-
modulated luminance signal and said low-frequen-
cyconverted chrominance signal so as to provide a
video signal for recording;

recording means for recording said video signal from

said video signal processing means onto a magnetic
tape, said recording means including at least a first
and second rotary magnetic head for forming re-
cording tracks for at least a first and a second chan-
nel in an oblique direction on said magnetic tape
and for recording field video signals of said first
and second channels onto said first and second
channel recording tracks:

pilot signal generating means for generating a pilot

signal;

means for adding said pilot signal from said pilot

signal generating means to said video signal from
said video signal processing means to be multi-
plexed with said video signal;

said video signal processing means further including

reference signal generating means for generating a
reference signal having a frequency which 1s an
integer multiple of a chrominance subcarrier of
said low-frequencyconverted chrominance signal;
and

said pilot signal generating means being coupled with

said reference signal generating means and includ-
ing frequency dividing means for frequency-divid-
ing said reference signal from said reference signal
generating means to produce a low-frequency pilot
signal.

2. A magnetic recording system according to claim 1,
wherein said reference signal generating means is con-
nected with said frequency converting means for sup-
plying said reference signal to said frequency convert-
INg means.

3. A magnetic recording system according to claim 2,
wherein said reference signal has a frequency which is
eight times the frequency of said chrominance subcar-
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rier of said low-frequency converted chrominance sig-
nal. |

4. A magnetic recording system according to claim 2,
wherein said reference signal generating means further
includes a reference signal generating circuit for gener-
ating a signal having a frequency based on a horizontal
synchronizing frequency of said video signal as said
reference signal, a frequency dividing circuit for receiv-

ing an output of said reference signal generating circuit

and for frequency-dividing said output signal into a
predetermined low-frequency signal, and phase-shifting
circuit for receiving said predetermined low-frequency
signal from said frequency dividing circuit and for
phase-shifting said predetermined low-frequency signal
by 90 degrees or 180 degrees every horizontal period;
said frequency converting means of said video signal
processing means further includes a frequency con-
verting circuit for receiving said chrominance sig-
nal from said separating circuit and an output of
sald phase-shifting circuit and for causing the fre-
quency of said chrominance signal to be equal to
the frequency of said predetermined low-frequency
signal produced by said frequency-dividing circuit;
and
said frequency dividing means of said pilot signal
generating means includes a frequency dividing
circuit for recetving said reference signal and for
frequency-dividing said received reference signal,
and deriving means for deriving said pilot signal
from said frequency dividing circuit and for sup-
plying said pilot signal to said video signal process-
Ing means. |
. A magnetic recording system according to claim 4,
wherein said reference signal generating circuit in-
cludes a phase locked loop circuit for producing a fre-
quency which 1s N (N being integer) multiple of said
horizontal synchronizing frequency of said video signal
fy, said frequency dividing circuit of said pilot signal
- generating means receiving an output signal of said
phase locked loop circuit and for producing a four-fre-
~quency pilot signal having four low-frequencies (fi, f3,

 f3, f4), said pilot signal deriving means includes fre-

quency selecting means for receiving said four fre-
quency pilot signal and for cyclically selecting said four
low-frequencies. |

6. A magnetic recording system according to claim 5,
characterized in that said frequency dividing circuit of
sald pilot signal generating means includes at least four
frequency dividers for frequency-dividing said output
frequency of said phase locked loop circuit so as to
produce said four-frequency pilot signal having four
frequencies (fi, f, I3, f4) each having an offset of a value
within a range from 0.2fy to 0.7fy with a relation
f| —f=f3—f4 thereamong.

7. A magnetic recording system according to claim 4,
wherein said reference signal generating circuit in-
cludes a phase locked loop circuit for producing a fre-
quency which i1s 3N (N being integer) multiple of said
horizontal synchronizing frequency of said video signal
fr, said frequency dividing circuit of said reference
signal generating means including a one-eighth fre-
quency dividing circuit for receiving an output signal of
said phase locked loop circuit and for frequency-divid-
ing said received output signal of said phase locked loop
circuit into substantially one-eighth, said frequency
dividing circuit of said pilot signal generating means
receiving an output of said phase locked loop circuit for
producing a four-frequency pilot signal having four
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low-frequencies (f, f2, {3, f4) said pilot signal deriving
means includes frequency selecting means for receiving
said four-frequncy pilot signal and for cyclically select-
ing said four low-frequencies.

8. A magnetic recording system according to claim 2,
wherein said reference signal generating means of said
video signal processing means includes a phase locked
loop circuit for producing a frequency which is 3N (N
being integer) multiple of a horizontal synchronizing
freugency of said video signal, a one-eighth frequency-
dividing circuit for frequency-dividing an output fre-
quency of said phase locked loop circuit into a one-
eighth frequency-divided signal, a phase-shifting circuit
for receiving said one-eighth frequency-divided signal
for phase-shifting said received one-eighth frequency-

divided signal by 90 degrees or 180 degrees only one

side field every horizontal period, an oscillating ctrcuit
for oscillating with the same frequency as that of a
chrominance subcarrier of said chrominance signal of
said video signal, and a first frequency converter for
mixing the respective outputs of said phase-shifting
circuit and said oscillating circuit to provide a local
oscillating signal, said frequency converting means of
said video signal processing means includes a second
frequency converter for mixing said local oscillating
signal and said chrominance signal to cause the fre-
quency of said chrominance signal to be equal to the
frequency of said one-eighth frequency-divided signal
sO as to obtain said low-frequency converted chromi-
nance signal, and means for leading said low-frequency
converted chrominance signal to said first and second
rotary magnetic heads, and said frequency dividing
means of said pilot signal generating means frequency-
dividing an output frequency of said phase locked loop
circuit to produce a four-frequency pilot signal having
four signals (fy, f3, f3, f3), and a frequency selecting

circuit for cyclically selecting said four-frequency pilot

signal. -

9. A magnetic recording system according to claim 2,
whereln said reference signal generating means of said
video signal processing means includes first carrier
generating means for generating a first carrier having a -
frequency which 1s N (N being an integer) multiple of a
horizontal synchronizing frequency of satd video signal,
first frequency dividing means for frequency-dividing
said first carrier frequency into substantially one-eighth,
first frequency converting means for receilving an out-
put signal of said first frequency dividing means and a
second carrier having a frequency which is substantially
the same as that of a carrier chrominance signal in said

- input video signal to thereby produce a frequency
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which i1s a sum of the frequencies of the received sig-
nals, and said frequency converting means of said video
signal processing means receiving a carrier chromi-
nance signal extracted from said video signal and an
output signal of said first frequency converting means to
thereby produce a difference frequency between the
receiving signals, and said frequency driving means of
said pilot signal generating means including first divid-
ing means for frequency-dividing said first carrier fre-
quency into substantially one-half, second dividing
means for frequency-dividing an output of said first
dividing means into at least four frequencies, and fre-
quency selecting circuit means for selecting outputs of
said second dividing means. | | "

10. A magnetic recording system according to claim
1, further comprising recording-time mode changing-
over means for controlling a feeding speed of satd mag-
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netic tape so as to change over a recording time mode
for recording operation onto said magnetic tape be-
tween at least a first and a second recording time modes,

said pilot signal generating means including means for s

generating a first pilot signal corresponding to said first
recording time mode and a second pilot signal corre-
sponding to said second recording time mode and for
alternatively producing one of said first and second
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pilot signals in accordance with the selection of one of
said first and second recording time modes.

11. A magnetic recording system according to claim
10, wherein said pilot signal generating means generates
said first and second pilot signals such that when said
first and second pilot signals are recorded in said re-
cording means the respective recording arrangements

thereof are mirror symmetric.
t * E ¥ S
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